, the presence of pressure ulcers (RR 1.24; 95% CI 1.13-1.36), a diagnosis of diabetes mellitus (RR 1.32; 95% CI 1.21-1.43), and of cardiovascular diseases (RR 1.22; 95% CI 1.14-1.30) were independent predictors of death, regardless of the severity of baseline dementia. Sensory problems (hearing and vision) and urinary incontinence were associated with increased mortality only among patients with less severe dementia. The presence of disruptive behaviour, aphasia, and a diagnosis of Parkinson's disease were not related to survival. African-Americans and other minority groups were less likely to die relative to white people. Conclusions-Age, sex, functional limitation, and malnutrition seem to be the strongest predictors of death for patients with Alzheimer's disease in nursing homes. Altogether, severity of dementia has no influence on survival, yet the predictive role of certain variables depends on the degree of impairment. Minority groups have a reduced risk of death relative to white people. (J Neurol Neurosurg Psychiatry 1999;67:59-65) 
Alzheimer's disease is the most common form of dementia, and a major healthcare problem.
1 2 Recent evidence suggests that the prevalence of Alzheimer's disease is about 50% in people older than 85 years. 3 In the United States, it is estimated that Alzheimer's disease aZicts nearly 4 million people and is the fourth leading cause of death. 4 Although estimates of the risk of death among those with Alzheimer's disease have varied greatly, most studies, both institutional [5] [6] [7] and community based, [8] [9] [10] [11] [12] [13] [14] have suggested that it is substantially increased relative to age and sex matched control subjects.
Several factors seem to contribute to mortality of patients with Alzheimer's disease. These include increasing age, 7 8 15-19 male sex, 7 13 17-20 and functional disability. 6 14 17 21 22 Some studies, but not all, have found the risk of mortality to be associated with extrapyramidal signs, 20 23-25 psychiatric symptoms, 23 26 27 depression, 28 nutritional indices, 7 10 11 29 30 language loss and aphasia, 31 32 and apolipoprotein phenotype. 33 The eVect of severity of dementia on survival of patients with Alzheimer's disease is inconsistent; an almost equal number of studies have shown an association, 7 9 11 13 14 16 17 34 or no relation. 18 19 22 27 32 35 Few of these studies have controlled for the potential impact of comorbid conditions 7 9 13 14 19 21 and the results remain inconclusive. Likewise, race was rarely considered in studies of survival of patients with Alzheimer's disease. 8 17 36 Thus, despite more than 100 reports describing the predictors of survival among patients with Alzheimer's disease, we remain unable to identify risk profile and to estimate reliably the length of time to death. Providing an empirically based answer would have far reaching consequences, as Alzheimer's disease has a profound eVect also on the million formal and informal caregivers who assist these patients. Even more relevant would be the impact on long term care facilities where most of these patients live.
The purpose of the present study was to examine predictors of survival in a large sample of patients with Alzheimer's disease living in United States nursing homes. Specifically, we determined the role of comorbid conditions aVecting these patients on survival, and evaluated whether this varies by severity of dementia.
Methods

SAGE DATABASE
We used data from the SAGE (Systematic Assessment of Geriatric drug use via Epidemiology) database, which has been described in detail elsewhere. [37] [38] [39] The SAGE is a population based, longitudinal database (1992-5) that comprises data collected with the Minimum Data Set (MDS) on residents of the nursing homes in five states (Kansas, Maine, Mississippi, New York, and South Dakota) and data on the medications used by each resident. These data have been cross linked to Medicare eligibility files to retrieve information on vital status.
The MDS is an assessment instrument that contains more than 300 items describing demographic, functional, and clinical characteristics of each resident. 40 An extensive array of symptoms, syndromes, and treatments is also included, and indicators describing resident's behaviour, mood, and involvement in activities. Among others, two summary scales based on MDS items describe the level of cognitive function (cognitive performance scale (CPS)) 41 and residents' performance in activities of daily living (ADL scale). 42 The validity and reliability of these summary scales have been previously documented. 43 The diagnoses of all comorbid conditions were coded by the staV physician or assistant physician consulting transfer documentation and medical records. The overall validity and accuracy of the diagnostic information contained in the SAGE database has been documented by reviewing Medicare's hospital discharge claims. 39 Furthermore, elements of the SAGE database have been used in other epidemiological studies. [44] [45] [46] STUDY POPULATION We selected residents newly admitted to nursing homes with a diagnosis of probable Alzheimer's disease. The key criteria of the diagnostic and statistical manual of mental disorders (DSM-IV) were used for the definition of Alzheimer's disease. 47 In interrater and testretest trials, diagnosis of Alzheimer's disease showed an excellent coeYcient (0.81), and proved of research value. 48 49 Patients were at least 65 years of age at their initial MDS assessment, and we excluded patients with a history of mental retardation, mental illness or any other life long mental health disorders. This strategy yielded a sample of 9264 patients.
ANALYTICAL APPROACH
All demographic variables, measures of severity of dementia and comorbid conditions were gathered at initial MDS assessment on admission to the nursing home. Demographic variables included age, sex, race, and marital status. Measure of physical function was based on activities of daily living scores and severity of dementia was based on CPS scores. Psychological status was measured investigating whether residents showed any observable signs or indicators of delirium (less alert, changing awareness of environment, incoherent speech, lethargy, changing of cognitive ability over the course of a day). 40 Residents were considered to have behaviour problems when they exhibited wandering or socially inappropriate or disruptive behaviour, or they were verbally or physically abusive. 40 Comorbid conditions included cardiovascular diseases, stroke, aphasia, diabetes mellitus, malnutrition, chronic obstructive pulmonary disease, depression, Parkinson's disease, and sensory impairment aVecting the ability to hear or read. Cardiovascular comorbid conditions (ischaemic heart disease, congestive heart failure, hypertension, arrhythmia) were evaluated both separately and as a combined variable. We considered body mass index, calculated using residents' body weight and height collected in the MDS, as a marker of nutritional status. This measure has shown good validity when compared with anthropometric variables. 50 We also evaluated the presence of urinary incontinence, of pressure sores, and of history of falls or of use of restraints. Most variables were categorised as present or not present when examining their main eVect on survival. Age was stratified in 10 year intervals, 65-74, 75-84, and 85+. ADL scores were used to group patients in three clinically meaningful strata; a score of 0-1 was for normal functioning, a score of 2-3 identified those needing supervision, and a score of 4-5 were those who required extensive assistance in performing basic activities of living. A CPS score of 2 to 4 was considered moderate cognitive impairment, and a score of 5-6 was judged as severe impairment. These values compare with widely accepted cut oVs on the mini mental state examination scale. 43 We performed a survival analysis using Cox proportional hazards modelling. Time to death was calculated from the date of first MDS assessment to the date of death. Information on date of death was derived by linking patients with the Medicare enrollment files via the health claim number present in the MDS form. We examined all events which occurred through March 1997, with a median follow up of 23 months (range 1-58). Each baseline characteristic was considered in separate proportional hazards models. Prognostic factors identified in the univariate analyses were then candidates for inclusion in the final models where we adjusted for potential confounders.
We considered confounders as any variable that altered the measure of eVect of interest by more than 10%. Age and sex were considered important confounders of the association between prognostic factors and survival and were always included in the adjusted models.
We assessed and ruled out multicollinearity. This modelling approach was also performed stratifying patients in two groups based on CPS scores, 2 to 4 (moderate impairment), and 5-6 (severe impairment). Hazard rate ratios (RRs) and corresponding 95% confidence intervals (95% CIs) were derived from the final models. All analyses were performed using SAS version 6.12 (Cary, NC, USA). During a median follow up of 23 months, 4631 patients (50%) died; 26% dying within the first year. Table 2 presents both the crude and adjusted relative risks for each of the variables considered in this study. At univariate analysis, increased age and male sex were associated with a greater risk of mortality. Among the indices describing the overall clinical severity, limitation in physical function, presence of pressure ulcers, of urinary incontinence, use of restraints, and indicators of delirium were all associated with an increased risk. Most of the comorbid conditions considered were associated with increased mortality. These included sensory impairment (hearing and vision problems), respiratory diseases, cardiovascular diseases, aphasia, diabetes mellitus, and malnutrition.
Results
After adjustment, age, sex, functional limitation, malnutrition, diabetes mellitus, COPD, pressure ulcers, and cardiovascular diseases remained associated with increased mortality. Minority patients were less likely to die during the follow up relative to white patients (RR=0.81 for African-Americans and RR=0.68 for patients belonging to other race groups). This association persisted after adjustment for age, sex, level of impairment, and all concomitant conditions. Table 3 shows the results of a stratified analysis to evaluate whether factors related to mortality diVered by baseline cognitive impairment. Advanced age, male sex, limitation in physical functioning, malnutrition, presence of pressure ulcers, and a diagnosis of diabetes mellitus and of cardiovascular diseases were independent risk factors for mortality regard- less of the severity of baseline cognitive impairment. A diagnosis of depression seemed to be a stronger predictor among patients with severe Alzheimer's disease at baseline. By contrast, sensory problems and urinary incontinence were associated with mortality if baseline cognitive impairment was only moderate. Minority groups had a consistently lower risk of mortality regardless of severity of dementia, with the exception of African-Americans with severe impairment. The presence of any of the four behavioural problems assessed in the MDS (wandering, verbally or physically abusive, socially inappropriate) showed a trend towards inverse relation with mortality (table 2 and 3). When we examined specific domains separately, patients with Alzheimer's disease who showed wandering had a lower rate of mortality than those without such a behaviour problem (44% v 53%). By contrast, mortality rate was higher among patients exhibiting severe and aggressive behaviours (53%).
Discussion
The present study shows that among patients with Alzheimer's disease living in long term care facilities increased mortality was related to advanced age, male sex, limitation in physical functioning, malnutrition, presence of pressure ulcers, a diagnosis of diabetes mellitus, and of cardiovascular diseases. These factors were independent predictors of mortality regardless of the severity of cognitive impairment. A diagnosis of depression seemed to be a stronger predictor among patients with severe Alzheimer's disease at baseline. Instead, sensory impairment and urinary incontinence were associated with an increased risk of mortality among patients with only moderate cognitive deficits. Minority groups, both African-Americans and other race or ethnic groups, had a lower risk of mortality, independently of severity of dementia.
In recent years, significant advances have been made in the understanding of Alzheimer's disease, yet eVective treatment is not available and the progressive course of the disease cannot be reversed. Thus, considerable attention has been devoted to studies on the early mortality associated with dementia of Alzheimer type in an attempt to identify prognostic factors. Over 100 articles have described several predictors, yet studies have been incomplete and have generated inconclusive results.
We found that increased age, male sex, and white race carried an increased risk of mortality. That increased age was a prognostic factor confirms the great majority of studies published, [16] [17] [18] most specifically those including very old patients such as ours, both in the community 19 but especially in nursing homes. 7 15 34 51 The notion that men with Alzheimer's disease have a substantially increased risk of mortality relative to age matched women with disease is the most consistent finding across two decades of research 7 13 17-20 ; only two studies were unable to document a sex diVerence. 8 35 Yet, possible explanations for this diVerence remain speculative. 52 53 Our study is among the very few that could explore the role of diVerent race or ethnicity. The finding of an increased risk of mortality among white people is in agreement with the paper by Chandra et al 36 who searched all death certificates for the years 1971 and 1973 through 1978. However, two other studies in patients with Alzheimer's disease did not find any race diVerence. 8 17 Our analysis documented that physical dependency and other measures of debility (presence of pressure sores and urinary incontinence) are among the best predictors of mortality regardless of degree of cognitive impairment. We have used the activities of daily living scale and found similar results as in two previous studies 22 54 ; yet a recent article by AgueroTorres et al 19 failed to confirm activities of daily living dependency as a risk factor among patients with Alzheimer's disease. None the less, the last is the only study at variance with the literature. Measures of disability that have been associated with increased mortality in other studies include the Blessed DRS, 14 17 32 the clinical dementia rating scale, 28 decreased grip strength, 8 and severe physical impairment, unstable gait, and falls. 6 This supports the hypothesis that functional decline can have a course independent of cognitive failure, and that more general rather than specific indicators of the disease status identify high risk patients in nursing homes, 55 just as in hospitals. 56 We found that selected comorbid conditions (cardiovascular diseases, diabetes mellitus, and COPD) predicted higher mortality, and the association remained regardless of diVerent levels of cognitive impairment. Composite indices of comorbidity have been inconsistently associated with mortality in demented patients. 6 9 19 21 Previous works specifically on vascular diseases found an association with hypertension, 8 cardiovascular diseases, 7 13 14 and myocardial ischaemia, 10 but the findings are not universal. 7 8 14 26 Similarly, non-vascular comorbid conditions were associated with mortality in some studies, 6 7 but not in others. 9 14 21 These diVerent results may be attributable to an underrepresentation of comorbid conditions among demented patients. 48 57 In agreement with the results of other authors, 7 9 14 sensory impairment aVecting vision and hearing was associated with a slightly increased risk of mortality in our study. However, these measures are properly markers for general disability and they do not influence mortality directly.
We could not document an association between severity of dementia and mortality. Although this is an area of intense research, an equal number of studies have shown an association, 7 9 11 13-17 34 or no relation, 18 19 22 27 32 35 with mortality of patients with Alzheimer's disease. A clear reason for such disparate findings is elusive but hypotheses have been formulated. On the one hand, the diYculty of ascertaining the age at onset of dementia may attenuate the eVect of cognitive decline on survival. 14 This time dependent predictability of severity of dementia would depend on a non-linear course of Alzheimer's disease. 57 58 Alternatively, models simultaneously adjusting for measures of disability that reflect not only functional ability but the general status of the patient might blunt the eVect of severity of dementia. 19 22 Finally, clinicopathological studies in patients with Alzheimer's disease have shown that advanced age at death is associated with somewhat less severe dementia and fewer senile plaques and neurofibrillary tangles. 59 Specific areas of cognitive dysfunction, such as verbal fluency or aphasia, have been identified as predictors of mortality. 10 17 32 In our cohort there seemed to be a positive trend, but in agreement with other authors, 14 28 aphasia was not independently associated with increased mortality. Similarly, our findings concur with recent evidence showing no, 7 20 23 or inverse 14 relations between behavioural problems and mortality. The "protection" aVorded by wandering is likely due to the fact that it is a marker of better physical function. 60 Several indices correlated with nutritional status-anaemia, 7 weight loss, 30 low BMI, 10 29 cachexia 11 34 -have been associated with poor survival of patients with Alzheimer's disease, but the issue remains incompletely explored. 14 In all models presented in our study, a condition of malnutrition was associated with increased mortality. We estimated nutritional status based exclusively on BMI calculation, which is not an accurate indicator of proteincalorie malnutrition that is expected to be the hallmark of these patients. 61 None the less, MDS-based BMI measures identify patients with malnutrition. 50 Malnutrition aVects immune response and causes malabsorption, thus worsening nutritional status as well as reflecting the eVects of the disease status. However, malnutrition is the end result of several medical and social conditions that chronically aVect elderly people and it can therefore be considered a marker of frailty in demented patients. 62 This study confirms some of the findings of previous studies, but it is at variance with others. A possible explanation for these differences may be due to the study setting. Indeed studies of patients admitted to long term care institutions may result in selective identification of those patients more severely aVected by the disease. Another source of variation is the diVerence in the criteria used to diagnose Alzheimer's disease. 63 In the present study, the diagnosis was confirmed on review of hospital discharge record documentation and was likely consistent with the criteria for the clinical diagnosis of probable Alzheimer's disease developed by the NINCDS-ADRDA working group. In a nursing home study similar to ours, a panel of experts reviewing clinically relevant information confirmed in nearly 80% of cases the diagnosis made by lay evaluators. 64 In our study the diagnosis was made clinically and we lack any pathological data. However, severe fallacies have been reported in the pathological confirmation of the diagnosis of Alzheimer's disease. 65 66 Finally, criteria used to screen dementia severity, performance in physical function, and the definition of factors tested as predictors have also varied widely in previous studies.
Some limitations of the present study should be considered. Although patients were drawn from a broad geographic area in the United States and had standardised and validated assessment, they are not necessarily representative of all patients aVected by Alzheimer's disease. However, with respect to the generalisability of our results, or lack thereof, van DjiK et al 7 found very similar findings among 606 demented patients admitted to a Dutch nursing home facility. Moreover, our focus has been on prevalent and not on incident cases of Alzheimer's disease. As the use of prevalent cases tends to exclude those with rapidly progressive disease and short survival, we cannot exclude that selective survival explains all or part of the results found. However, it is likely that this results in an underestimation of the eVect of the disease on mortality. The analytical strategy adopted is not devoid of potential pitfalls. Although we studied predictors using a longitudinal approach, information was gathered at initial MDS assessment, impeding the examination of time dependent predictors. False associations between mortality and baseline variables could have occurred by chance owing to the analysis of several variables. For this reason we included only a subset of variables selected a priori from a larger set of MDS data. We based the selection on the findings of previous studies, and on the likelihood that a variable might aVect survival. Furthermore, future studies would have to investigate whether and how the eVect of medical factors on mortality varies according to sociodemographic variables. Despite a large cohort of patients, we may have had insuYcient power to detect a true diVerence with some variables that were uncommon in this population (aphasia). Finally, as we assessed whether predictors diVered by cognitive impairment without a formal test for interaction, independence cannot be ascertained conclusively.
In conclusion, this study expands our knowledge of the prognostic determinants in patients living in nursing homes and provides useful information about the clinical course of Alzheimer's disease. Although there are many risk factors for mortality in this elderly population, the factors with the strongest association with mortality seem to be those with the greatest potential for modification. For caregivers, these results suggest that eVorts should be made to minimise these factors. A "high-tech" intervention would hardly ever be justifiable; likewise a "nihilistic" approach is not appropriate. 67 Intervention aimed at improving physical conditioning, optimising function in activities of daily living, considering malnutrition, and preventing pressure sores should be considered as they may considerably improve the quality of life of demented patients. Further studies will also have to clarify discordant results about the impact of some of these intervention programmes on functional wellbeing and survival. 68 -70 The Systematic Assessment of Geriatric drug use via Epidemiology (SAGE) Study Group is composed by the following: steering committee: R Bernabei, C Gatsonis, L Lipsitz, V Mor; codirection: G Gambassi, K Lapane; members: D Forman, D GiVord, F Landi, A Sgadari; data management: J Hiris, C Brostrup-Jensen, S Gonzales; biostatistics: C Gatsonis, J Hogan, O Intrator; participants: K Berg, L Culpepper, A Hume, P Larratt, J Murphy, K Steel.
